Journal of Soft Computing in Civil Engineering 3-4 (2019) 51-66 


Journal of Soft Computing in Civil Engineering 


y oN Contents lists available at SCCE 
ww 


~ouyan Journal homepage: www.jsoftcivil.com S Cc Cc 4) 
Press 


Selecting the Suitable Tunnel Supporting System Using an 
Integrated Decision Support System, (Case Study: Dolaei Tunnel 
of Touyserkan, Iran) 


S. Shaffiee Haghshenas'®, R. Mikaeil2©, M. Abdollahi Kamran*", S. 
Shaffiee Haghshenas', H. Hosseinzadeh Gharehgheshlagh” 


1. M.Sc. Student of Civil Engineering, Department of Civil Engineering, University of Calabria, Rende, Italy 

2. Associate Professor of Mining Engineering, Faculty of Mining and Metallurgical Engineering, Urmia University 
of Technology (UUT), Urmia, Iran 

3. Assistant Professor of Industrial Engineering, Faculty of Industrial Engineering, Urmia University of Technology 
(UUT), Urmia, Iran 

4. Department of Logistics, Tourism, and Service Management, Faculty of Business and Economics, German 
University of Technology (GUtech), Muscat, Oman 

5. Assistant Professor of Mining Engineering, Faculty of Mining and Metallurgical Engineering, Urmia University 
of Technology (UUT), Urmia, Iran 

Corresponding author: reza.mikaeil @ uut.ac.ir 


€) _ https://doi.org/10.22115/SCCE.2020.212995.1150 


ARTICLE INFO ABSTRACT 


Article history: The main goal of this study is the selection of an appropriate 

Beveled: ao Dermmbes cn tunnel supporting system according to the combination of 

Revised: 10 January 2020 . ; : 

Accepted: 10 January 2020 FDAHP method (Fuzzy Delphi Analytic Hierarchy Process) 
: and ELECTRE (Elimination and Choice Expressing Reality) 


technique. This integrated decision support system provides 


Keywords: 

Supporting systems; useful support for selecting a tunnel supporting system. The 
FDAHP; weights of the criteria was determined by FDAHP method, 
ELECTRE; and a suitable tunnel supporting system for Dolaei tunnel of 
Integrated decision; Touyserkan in Iran was determined by the ELECTRE. The 
Dolaei tunnel. study was supported by the results obtained from a 


questionnaire carried out to understand the opinions of 
experts in this subject. According to surveys in this regard, 
six significant criteria and five alternatives such as reinforced 
shotcrete, metal frames, concrete prefabricated segments, in 
situ. reinforced concrete implementation, rock bolt and 
reinforced shotcrete implementation have been examined. 
The obtained results showed that the rock bolt with 
reinforced shotcrete supporting system is the most suitable. 


How to cite this article: Shaffiee Haghshenas S, Mikaeil R, Abdollahi Kamran M, Shaffiee Haghshenas S, Hosseinzadeh 
Gharehgheshlagh H. Selecting the suitable tunnel supporting system using an integrated decision support system, (case study: 
dolaei tunnel of Touyserkan, Iran). J Soft Comput Civ Eng 2019;3(4):51—66. https://doi.org/10.22115/scce.2020.212995.1150. 


2588-2872/ © 2019 The Authors. Published by Pouyan Press. 


This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). 


52 S. Shaffiee Haghshenas et al./ Journal of Soft Computing in Civil Engineering 3-4 (2019) 51-66 


1. Introduction 


Civil structures and especially underground constructions have a key role in road and railway 
networks worldwide. Underground structures are also utilized in the countries’ infrastructure 
development, energy production [1-5]. The development of underground structures such as 
tunnels requires huge financial costs and amounts of time to be built on one hand, and on the 
other hand to keep them efficient and safe permanently [6,7]. This makes the designing of these 
structures a significant task. As tunnels cannot bear the weight of rocks surrounding and above 
them in unstable situations, they need to be supported systematically for keeping stable after 
excavation. In this matter, one of the most important parts of tunnel construction is tunnel 
supporting system which has a significant role for stabilizing tunnel. Hence, the study of tunnel 
stability against wrecking factors is very important [8]. In this research, Dolaei tunnel of 
Touyserkan, located in one of the most unsafe geological zones of Iran, was investigated as a 
case study. Dolaei tunnel of Touyserkan is one of the most important communication roads of 
western states of Iran in trade and industrial equipment transition. This tunnel has a length of 675 
m and a cross-section of 75 m’. Drilling-blasting and handheld drilling in some parts are used for 
excavation [9-11]. 


The main purpose of this paper is the evaluating and selecting the suitable tunnel supporting 
system using fuzzy Delphi analytic hierarchy process (FDAHP) and ELimination and Choice 
Expressing REality (ELimination Et Choix Traduisant la REalité or Elimination and Choice that 
Translates the Reality technique: ELECTRE) based on six criteria for analyzing five common 
tunnel supporting systems, it has been tried to consider most appropriate systems for stabilizing 
this tunnel. For this purpose, the pseudo-codes of these techniques are written in MATLAB 
software and the required analyses are accurately conducted for modeling. 


2. Methodology of FDAHP 


The analytic hierarchy process (AHP) is a powerful tool for choosing among several alternatives. 
This technique was firstly introduced by Saaty in 1980 [12]. The analytic hierarchy process can 
not show the human thinking style [13,14]. This technique is evaluated due to the practise of the 
unstable scale of judgments [15,16]. Recently, soft computing approaches are used in a variety of 
engineering problems, which FDAHP is a reliable alternative in comparison to classical 
approaches [17,18,27,28,19—26]. Delphi method is a technique for structuring an effective group 
communication process. Since its development in the 1960s at Rand Corporation, the Delphi 
technique was used in various studies [29-31]. 


The procedure of FDAHP technique can be described as follows: 
(1) Compute the triangular fuzzy numbers (TFNs) @;; using the Eq. (1) to Eq. (4). In Fig. 1, the 


TFNs indicate the minimum, moderate and maximum estimates of experts' opinions. 


Bij = (ai, Oi; Vis) (1) 
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Qi; = min Bijx (k = 1,2, wey N) (2) 
Oi; = [Meas Bijx|” (& = 1,2,...,0) (3) 
Vij = max Pi jx (k = 1,2, wey N) (4) 


Where aj; < di; <yij and a,6,y € [5.4] U [1,9]and aj; and y;j are the lower and upper 
bounds, respectively. jj, is the relative intensity of importance of expert k between activities i, j 
and n is the number of experts in a group. 


u(x) A 


aij bij Vij 


Fig. 1. The triangular fuzzy numbers (TFNs). 


(2) Determine the fuzzy positive reciprocal matrix A by using the Eq. (5): 


(1,1,1) (A12, 512, V12) (a13, 613,13) 


; ee CC 
os [aij], a; i ae ea or A= ace) (1,1,1) (@23, 523, ¥23) (5) 
ee d, Ab eA, 
Ge : 613 ‘ ) ( ) (1,1,1) 


23" 623’ 23 
(3) Compute the relative fuzzy weights of the evaluation factors based on Eq. (6): 


Z, = [aj @ ..@ Gn] W, = 27,8 (Z,@...0Z) (6) 


Where G@, © G2 = (a, X az, 61 X 52,71 X ¥2); the symbol ® shows the multiplication of fuzzy 
numbers, and the symbol @ shows the addition of fuzzy numbers; W; is a row vector consisting 
of the fuzzy weight of the ith factor, W; = (@1,W2,...,@») (i = 1,2,...,n); and Wj is the fuzzy 
weight of the i” factor. 
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3. Methodology of ELECTRE 


Elimination and Choice that Translates the Reality technique (ELECTRE) is one of the useful 
multi-criteria decision making (MCDM) techniques to manage real-world problems when 
compensation among criteria is not allowed. This technique was firstly introduced by Benayoun 
and developed by Roy and his colleagues in the mid-1960s [32]. ELECTRE uses the concept of 
outranking comparisons for modeling the preference information between each pair of 
alternatives and to achieve such a goal it uses concordance and discordance sets [33-36]. In this 
research, to rank the different tunnel supporting systems, ELECTRE technique was employed as 
follow: 


Step 1. Make the decision matrix. According to alternatives and criteria, the decision matrix is 
made as follows by Eq. (7): 


X= (i = 1,2,...,m;j = 1,2,...,n) (7) 


X41 wen Xin | 


Nii. oe 2 Mae 


Step 2. Compute the normalized decision matrix. The decision matrix is normalized via the 
following Eq. (8): 


y= (8) 


m a2 
i=1 ij 


Step 3. Compute the weighted normalized decision matrix. It is formed via the following Eq. (9): 
Vij = Wj XNij (9) 


Step 4. Determine the concordance and discordance sets. For each pair of alternative k and l 
(k,l =1,2,..,m and k #1), the set of criteria is divided into two distinct subsets. If the 
alternative k is preferred over alternative | for all the criteria, then the concordance set is 
composed. This can be written as Eq. (10): 


Sia = {VjlVej < vy} =I — Sta (10) 


The complement of S;;, the discordance set, contains all the criteria for which k is worse than I. 
This can be written as Eq. (11): 


Dar = {VjlVej > Vy} =I — Sta (11) 
Step 5. Calculate the concordance matrix. 


The relative value of the concordance sets is measured using the concordance index. The 
concordance index is equal to the sum of the weights associated with those criteria and relation 
which are contained in the concordance sets. Therefore, the J and the concordance index I, 
between k and I are defined as Eq. (12): 
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Fe I 
Tk = ieSia Wj > OSki <1 I = Veer Liat ere —1) (12) 


Based on the threshold value, a Boolean matrix F can be constructed, the elements of which are 
defined as Eq. (13): 


os ae ae 


2 13 
if lg <1-> fg =0 a 


Then each element of 1 on the matrix F represents the dominance of one alternative with respect 
to another one. 
Step 6. Determine the discordance dominance matrix. 


This matrix is constructed in a way analogous to the F matrix based on a threshold value NI to 
the discordance indices. The elements of g),; of the discordance dominance matrix G are 
calculated as Eq. (14): 


= NI 
NI = Vier Die een —1) 


if Nii S NI > gy =1 
if NI > NI > gu =0 


(14) 


Also, the unit elements in the G matrix represent the dominance relationships between any two 
alternatives. 


Step 7. Determine the aggregate dominance matrix (H matrix). This step is to calculate the 
intersection of the concordance dominance matrix F and discordance dominance matrix G as Eq. 


(15): 


a = fei X Gra (15) 
Step 8. Eliminate the less favorable alternatives. 


The aggregate dominance matrix E gives the partial-preference ordering of the alternatives. If 
hy, = 1, then k is preferred to 1 for both the concordance and discordance criteria, but k still has 
the chance of being dominated by the other alternatives. Hence the condition that k is not 
dominated by ELECTRE procedure is: 


is # |; for at least one | (l = 1,2,..,m) > hy =1 
ifi#landi#k;foratalli(i =1,2,..,m) ~ hy =0 


This condition appears difficult to apply, but the dominated alternatives can be easily identified 
in the H matrix. If any column of the H matrix has at least one element of 1, then this column is 
‘ELECTRE cally’ dominated by the corresponding row(s). Hence, any column(s) which have an 
element of 1 is simply eliminated. 
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Despite the very useful outlook and several findings that can be deduced from the results of 
ELECTRE, still, a detailed full ranking of alternatives doesn’t exist. To achieve such a 
significant issue, Van delft and Nijkamp in 1976 introduced a complementary technique to 
ELECTRE [37]. According to their method, net concordance and discordance values should be 
calculated (based on Eqs 16 and 17). Higher net concordance value and lower net discordance 
value hints to better-ranking alternatives. If the full ranking based on net concordance value and 
net discordance value were not alike, an average ranking from the two rankings is applicable 
[38]. 


Cy = Via Tet — DE Nix (16) 


Dy = Dita Nig — Lie Nii (17) 


4. Application of FDAHP-ELECTRE technique for evaluation of tunnel 
supporting system system 


4.1. Project description and geology of the study area 


Dolaei tunnel of Touyserkan is located in Sanandaj- Sirjan geological zone. This zone is one of 
the most active and unsafe zones of Iran. The main rocks of this region include the blocks of 
granite and Hornfels Schists, which have been produced by transformation of Alvand’s huge 
blocks of granite, and also there are Hornfels with Schist properties. The current hornfelses of the 
region, as a result of the tunnel excavation on the way of the old fault, have broken into tiny 
pieces and have become semi stone-semisoil [39]. Major sedimentary- structural units of Iran 
and the geological map of the tunnel’s zone are shown in Fig. 2. 


Alburz Zone 


doh lect 
4 Cuspian Sea 
2 IE ‘ 


MAJOR SEDIMENTARY -STRUCTURAL UNITS 


PAKISTAN 


(a) 
Fig. 2. (a) Geological Map of Iran (1:1000.000 Scales) and (b) Geological Map of Tunnel’s Zone [40]. 
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Also, there is displacement in horizontal direction and settlements at the tunnel roof. Both of 
them are given completely in Figs. 3 and 4. Thus, it is very important to study the tunnel stability 
against existing conditions [41]. 


Fig. 3. Horizontal Displacement. 


Fig. 4. Settlement in Tunnel Roof. 


In this case, some numerical studies have been done [42][43]. All surveys are conducted to 
analyse the local geological condition and tunnel stability. 


4.2. Defining the criteria and alternatives 


Tunnelling construction is a complex process that is affected by many factors that interact with 
each other. Therefore, it is very difficult to explain the reasons for delaying and unpredicted cost 
in the tunnelling process. To understand and improve the tunnelling process, and consequently 
minimize the sources of delay and increasing costs, various types of controlling and 
uncontrolling factors such as geotechnical investigations should be investigated. In this section, 
the major factors are explained as criteria for selecting a suitable support system. Six criteria 
have been adopted to evaluate and examine the tunnel supporting system. These criteria include 
underground water condition, geotechnical and geological properties of the area, economical 
capability, access to implementation technology, hardship of doing the job, and service life of the 
tunnel. In the tunnelling process, all of the criteria mentioned above must be investigated and 
documented well. In general, the investigation of geology (such as geological and tectonic 
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layout, the most important parameters of soils and rocks), hydrological (influence of 
groundwater on support system, groundwater flow and its relation to surface water) and 
geotechnical (all geotechnical characteristics related to excavation and supporting system such as 
characteristics of discontinuities) conditions are important in the first step of tunnel construction. 


One of the most important steps of tunnel design and construction is the tunnel’s supporting 
system. Five important and common support systems consist of prefabricated segments, 
reinforced shotcrete, and field implementation of reinforced concrete, steel retaining, and 
implementation of rock bolt with reinforced shotcrete. These support systems were identified as 
alternatives to select the optimum tunnel supporting system. Actually, in this research, there have 
been used expert ideas, local pieces of evidence and collected data on the six criteria and five 
alternatives. 


4.3. Determination of criteria’s weights 


Because different decision-makers have different objectives and expectations, they may judge a 
tunnel support system from different perspectives. So, the same criterion may have a dissimilar 
level of importance for different users. For this reason, some decision-makers are selected from 
different areas to assess the importance of criteria. FDAHP is used to take into consideration 
subjective judgments of decision-makers and to decrease the doubt and vagueness in the 
decision-making process. Decision-makers with different backgrounds may define different 
weight vectors. They usually cause not only the imprecise evaluation but also serious persecution 
during the decision-making process. Therefore, a group of decisions based on FDAHP is 
proposed to determine and improve pair-wise comparison. Firstly, a pair-wise comparison is 
made for each decision-maker (D;) with the use of Saaty’s 1—9 scales [12]. The results of the 
experts’ opinion questionnaire are given in Table 1. 


Table 1 
The results of the experts’ opinion questionnaire. 
C. Ci C, C; 
' D, D> D; D, D, D> D; D, D, D, D; D, 
Cy 1 1 1 1 3 3 3 2 5 5 5 5 
C, 0.33 0.333 0.333 0.333 | 1 1 1 5 3 5 3 
C; 0.2 0.2 0.2 0.2 0.2 0.33 0.2 0.33 1 1 1 1 


Cy 0.2 0.2 0.2 0.2 0.2 0.33 0.2 0.33 0.333 0.333 0.333 0.333 
Cs 0.14 0.143 0.143 0.143 02 0.33 0.2 0.33 0.143 O02 0143 02 
Ce 0.2 0.2 0.2 02 0.33 0.2 0.33 02 0.333 0.2 0.333 0.2 


a Ca Cs Ce 

(oD Db DB hb D DB D DB D D dD dD 
G & & s&s ss F F |F Ff SS & FS 6 
G © 2 © 3 & @ & &# @ & 28, 6 
Sc 2 2&2 3 2+ % += & ££ 6 & 3B 
C1 1 1 i 2s FY ££ FY 3 1 

Cs 0.2 0.143 0.2 0.143 1 1 1 1 0.333 0,333 0.333 0.333 
Co 1 03331 0333 3B I 1 I I 
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Where C; to Cg are the criteria describing groundwater condition, geotechnical and geological 
data of the area, economical capability, access to implementation technology, hardship of doing 
the job, and service life of the tunnel, respectively. The weighting factors for each criterion are 
determined in the following steps: 


(1) Calculate the triangular fuzzy numbers (TFNs): 
dij = (ij, 5: Vij) 
According Eqs. (2) and (4), it results that: 
ai = min Bi jx (k = 1,2,...,n) 
In this study the value of n is 3. There have been used three different groups of decision-makers. 
(2) Make a fuzzy pair-wise comparison matrix (A). 


In this way, the values of decision-makers’ pair-wise comparison are transformed into TFNs, as 
listed in Table 2. 


Table 2 

Fuzzy pair-wise comparison matrix. 
C; Ci C, C; Cy Cs Ce 
C, d, 1,1) (3, 3, 3) (5, 5, 5) (5,5, 5) (7, 7, 7) (5, 5, 5) 
C, (0.33, 0.33, 0.33) (i, 1, 1) (3, 3.87, 5) (3, 3.87,5) (3, 3.87, 5) (3, 3.9, 5) 
Cz, = (0.2, 0.2,0.2) (0.2, 0.26, 0.33) (, 1, 1) (3, 3, 3) (5, 5.92, 7) (3, 3.9, 5) 


C, (0.2, 0.2,0.2) (0.2, 0.26, 0.33) (0.33, 0.33, 0.33) (1,1,1)  (5,5.92,7) (1, 1.7, 3) 
Cs (0.14, 0.14, 0.14) (0.2, 0.26, 0.33) (0.14, 0.17, 0.2) (0.14, 0.17,0.2) (1, 1,1) (0.33, 0.33, 0.33) 
Cy (0.2, 0.2,0.2) (0.2, 0.26, 0.33) (0.2, 0.26, 0.33) (0.33, 0.58, 1) (3, 3, 3) (1, 1, 1) 


(3) Determine the relative fuzzy weights of the evaluation factors: 
Z, = [G11 @ Gp @ ... @ G,,]"/* = [3.714,3.714,3.714] 
Zo = [Gin1 @ Anz ® ... @ Ging|*/6 = [1.732,2.053,2.434 
Z3 = [G31 ® G32 ® ... ® Gisele = [1.103,1.235,1.383] 
Z, = [Gay ® Gap @ «® Gag]e = [0.637,0.749,0.880] Z 
1 
é 


Zs = [Gs @ Gs, ® ...@ Gisele = [0.241,0.266,0.293] 
Z6 = [Ge1 ® gz ® -...® ig|*/8 = [0.447,0.534,0.637] 


Z, = [7.873,8.55,9.341] 
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W, =Z,@(Z,@2Z, @Z,) "= [0.398,0.434,0.472 
W, =Z, ®(Z,®Z,@Z;) "= [0.185,0.240,0.309 
W, = 2, @(Z,@Z, @Z,) = [0.118,0.144,0.176 
W, =Z,®(Z,@Z,@Z,) "= [0.068,0.088,0.112 
W; =Z,®(Z,®Z,@Z,) ° = [0.026,0.031,0.037 
W, = 2, (Z, ® Z, ®Z;) * = [0.048,0.062,0.081 


ed de es 


The final weights of each parameter are determined and given as follows: 


3 1/3 
W, = is 0 = 0.434, W, = 0.240, W; = 0.144, W, = 0.088, Ws = 0.032,W. = 0.062. 
i=1 


The priority weights mentioned above are indicated for each criterion in Table 3. 


Table 3 
Priority weights for criteria. 
Criteria Global weights 
Underground water conditions 0.434 
Geotechnical and geological condition 0.240 
Economical capability 0.144 
Access to technology implementation 0.088 
Hardship of doing the job 0.032 
Service life of the tunnel 0.062 


4.4. ELECTRE Method 


Ranking of the proposed tunnel supporting system is performed using the ELECTRE method. 
The weights of the criteria should be determined by the FDAHP method. Firstly, the value of 
each alternative is inserted in a decision matrix concerning excavation conditions (Table 4). The 
decision matrix is normalized according to Eq. (7) (Table 5). Then, a weighted normalized matrix 
is formed by multiplying each value with their weights (Table 6). 


Table 4 
Decision matrix. 
UWe GGe Ec TI HAD SL 


Cy: Cr C3: Ci: Cs: Co: 


PS A; 9 3 Oho Te 3 OF 
RS Az 1 5 3 5 1 3 
SCI A3; 3 5 DPD De Be 35 
SR Ay 7 7 7 5S 3 3 
RB&S As: 9 a a ae Ue | 
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Table 5 
Normalized decision matrix. 


UWce GGce Ec TI AD SL 

Ci: C>: C3: Cy: Cs: CE 
PS Aj}: 0.6054 0.2182 0.5487 0.5322 0.4472 0.5895 
RS Az: 0.0673 0.3637 0.1829 0.3801 0.1491 0.2526 
SCI A3: 0.2018 0.3637 0.4268 0.3801 0.7454 0.4211 
SR Az 0.4709 0.5092 0.4268 0.3801 0.4472 0.2526 
RB&S As: 0.6054 0.6547 0.5487 0.5322 0.1491 0.5895 


Table 6 
Weighted normalized matrix. 


UWce GGce Ec TI AD SL 

Ci: C2: C3: Cy: Cs: Cs: 
PS A;: 0.2627 0.0524 0.0790 0.0468 0.0143 0.0365 
RS A>: 0.0292 0.0873 0.0263 0.0335 0.0048 0.0157 
SCI A3: 0.0876 0.0873 0.0615 0.0335 0.0239 0.0261 
SR = Ag: 0.2044 0.1222 0.0615 0.0335 0.0143 0.0157 
RB&S As: 0.2627 0.1571 0.0790 0.0468 0.0048 0.0365 


The concordance and discordance matrices are calculated using Eq. 11 and 12. These matrices 
are shown in Tables 7 and 8. After determining the thresholds for matrices and determining the 
concordance and discordance dominance matrix (steps 7 & 8 — Tables 9&10), the aggregate 
dominance matrix is calculated via Eq. (8). 


Table 7 
Concordance matrix. 


Alternatives Al A2 A3 A4 AS 


Al - 0.76 0.73 0.76 0.76 
A2 0.24 - 0.33 0.15 0.03 
A3 0.27 1 - 0.33 0.03 
A4 0.27 1 0.91 - 0.03 
AS 0.97 1 0.97 0.97 - 


Table 8 
Discordance matrix. 


Alternatives Al A2 A3 A4 AS 


Al - 0.15 0.2 1 1 
A2 1 - 1 1 1 
A3 1 0 - 1 1 
A4 0.84 0 0.09 - 1 
AS 0.09 0 0.11 0.16 ~ 
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Table 9 
Concordance dominance matrix (F' matrix). 
Alternatives Al A2 A3  A4 AS 


Al - 1 1 1 
A2 0 - 0 0 0 
A3 0 1 - 0 0 
A4 0 1 1 - 0 
AS 1 1 1 1 - 


Table 10 
Discordance dominance matrix (G matrix). 
Alternatives Al A2  A3 Ad AS 


Al - 1 0 0 
A2 0 - 0 0 0 
A3 0 1 - 0 0 
A4 0 1 1 - 0 
AS 1 1 1 1 - 


Accordingly, the aggregate dominance matrix is obtained in Tables 11. Afterward, the 
elimination of alternatives with a less satisfactory level is begun. This preference is shown 
graphically in Fig 5. The preferences of the alternatives are illustrated in Fig 5 and Table 11. 


Table 11 
Aggregate dominance matrix (H matrix). 


Alternatives Al A2  A3 A4 AS 
Al 7 1 1 0 0 
A2 0 - 0 0 0 
A3 0 1 - 0 0 
A4 0 1 1 - 0 
AS 1 1 1 1 - 


Fig. 5. Aggregate dominance matrix preferences (H matrix) of the tunnel supporting system. 
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As it can be deduced, alternative 5 dominated over the other alternatives and alternative 2 is 
defeated by the other four ones. Therefore, the rock bolt and reinforced shotcrete system is the 
most efficient supporting system in the attempted tunnel. In general, the rock bolt works by 
connecting different layers and segments of rocks. Using the rock bolt and reinforced shotcrete 
simultaneously to keep the tunnel stability against microseismicity and weight increases the 
resistance and efficiency of the tunnel’s final covering that is considered a compound and more 
efficient system. But as mentioned above in order to achieve a detailed full ranking of 
alternatives, net concordance, and discordance values should be calculated based on Eq. 15 and 
16 (Table 12). Higher net concordance value and lower net discordance value leads to higher 
quality alternatives. As the full ranking based on net concordance and net discordance value were 
not similar, an average ranking from the two rankings could be applicable. 


Table 12 
Net Concordance and Discordance values; Ranks based on net concordance and discordance values and 
the total average ranking. 


Al A2 A3 A4 AS 


Net Concordance Value 126 8 -3.01 -1.31 0 3.06 
Rank based on net concordance value 2 5 4 3 1 
Net Discordance Value -0.58 3.85 1.6 -1.23 -3.64 
Rank based on net discordance value 3 5 4 2 1 
Total Rank 25:23 5 4 2.522 1 


According to Table 12, the highest score has been dedicated to rock bolt and reinforced shotcrete 
system. Steel retaining was positioned in second place; and similarly, prefabricated segments, 
field implementation of reinforced concrete and reinforced shotcrete are ranked respectively 
from third to fifth. 


5. Conclusions 


In the present study, a hierarchical model was established to evaluate and rank the tunnel 
supporting systems with the use of effective factors considering decision-makers’ judgments. The 
proposed approach was constructed based on the combination of the FDAHP method and the 
ELECTRE technique. FDAHP was utilized to determine the weights of the factors according to 
the decision matrix, and then the ranking of alternatives was obtained by ELECTRE. The 
proposed method was applied to Dolaei tunnel located in Touyserkan to evaluate the supporting 
system. Some factors such as groundwater condition, geotechnical and geological data of the 
area, economical capability, access to implementation technology, hardship of doing the job, and 
service life of the tunnel were investigated for the optimal support system ranking. The results 
showed that the rock bolt and reinforced shotcrete system were the most suitable supporting 
system. Finally, it is suggested to use another fuzzy number except triangular one for the first 
step of the AHP process. 
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